Objectives To evaluate the effectiveness of policies and recommendations on folic acid aimed at reducing the occurrence of neural tube defects.
Introduction
Improving children's survival and health worldwide requires effective primary prevention of birth defects. In many developed countries, birth defects already account for one in every four infant deaths and for an unknown number of fetal deaths and pregnancy terminations. 1 2 However, because of their large birth population and the few resources available for treatment and rehabilitation, developing countries bear most of the global burden of birth defects. 1 Primary prevention of certain serious birth defects is now feasible globally. The groundbreaking studies of Smithells and colleagues, [3] [4] [5] confirmed by many other studies and randomised clinical trials by the early 1990s, [6] [7] [8] [9] showed that supplements containing folic acid, a B vitamin, when consumed from before conception, can reduce spina bifida and other neural tube defects by an estimated 80% or more. Neural tube defects, which also include anencephaly, are severe and often lethal conditions that annually affect at least 300 000 newborns worldwide. 1 7 10 Accumulating data indicate additional benefits of folic acid on other major birth defects. 11 Because folic acid is inexpensive, safe, and easy to use, many professional organisations and some governmental agencies promote the use of folic acid supplements to prevent neural tube defects. The format of such recommendations varies, but they typically include statements that women should eat a healthy diet and take folic acid supplements when planning a pregnancy or throughout childbearing age. In a few countries, including the United States, Canada, Chile, and South Africa, recommendations to consume folic acid are integrated with a policy of widespread fortification of flour to ensure that the entire population receives at least a small additional amount of folic acid regardless of access to supplements. This population-wide approach is effective, [12] [13] [14] but it is used in only a few countries. A crucial question is how effective are recommendations alone, in the absence of fortification. We examined this question by evaluating rates of neural tube defects and their temporal relation with recommendations on folic acid.
Methods
The study included selected registries from the International Clearinghouse for Birth Defects Monitoring Systems. Major criteria for inclusion were a structure for population based ascertainment; relatively large size; and ability to provide detailed case information for central clinical review, ascertain affected pregnancy terminations (where such a procedure was legal), and conduct an assessment of local folic acid policy development. The nature of the funding sources, primarily from Europe, led to the preferential inclusion of European registries. Although initially included, US registries were later excluded because of the introduction of fortification of flour. We gathered information on folic acid recommendations from interviews, publications listed on Medline, reports of workshops and committees, and documents issued by governmental agencies and professional bodies.
Thirteen registries provided listings of cases of anencephaly or spina bifida among liveborn infants, stillbirths, and pregnancy terminations that occurred between 1988 and 1998. Case information also included birth outcome, birth date, gestational age, and associated malformations. Registries also provided appropriate denominator information.
To adjust for temporal and geographical variations in the timing of pregnancy terminations, we assigned affected pregnancy terminations to the calendar year in which they would have been delivered had they reached the mean gestational age of liveborn cases in the database (adjusted by registry and birth year). We use the term "incidence" for the reported rates, although the true population at risk for neural tube defects (all conceptuses) cannot be ascertained.
We plotted incidences by year, programme, and type of neural tube defect (anencephaly and spina bifida). We used Poisson regression to assess trends. From the Poisson regression, we derived for each programme an incidence rate ratio, which estimates the average relative change in rate per year. For example, an incidence rate ratio of 1.00 indicates no change (a flat regres- We calculated incidence rate ratios for the entire study period as well as for before and after 1992 and before and after the year of introduction of national recommendations (where these had been issued). We chose 1992 because of the timing of the publication of the randomised trials (1991 and 1992) and of the recommendations in the United States and the United Kingdom (in 1992), which were internationally known and available to all interested parties. We used the incidence by year and by programme, derived from Poisson regression, diminished by the appropriate prevented fraction (30% to 90%), to estimate the number of cases that might have been prevented in the study area since 1992 at different levels of folic acid effectiveness.
Results
The study included 8636 cases of anencephaly or spina bifida among over 13 million births in 13 areas in Europe and Israel (table 1) . Relative to other study areas, rates of neural tube defects tended to be higher in Ireland, Northern Netherlands, and France (Paris) (fig 1) . Pregnancy terminations contributed considerably to reported rates in some registries (fig 1) .
Folic acid policies during the study period varied from no recommendations (Italy and Israel) or dietary recommendations only (Norway until 1998) to dietary recommendations plus use of supplements among selected women (Finland) or use of supplements for women planning pregnancy or all women of childbearing age (table 2). The timing of the recommendations also varied, with some programmes-such as those in the United Kingdom and Ireland-issuing recommendations as early as 1992.
In most areas rates were stable, as indicated by incidence rate ratios statistically undistinguishable from one (table 3) . Four areas showed an overall decreasing trend (table 3). Trends after 1992 were similar to trends before 1992 (table 4) . In Italy (Campania), trends seemed to vary across the two periods, but these variations were within statistical fluctuations. In Hungary, reported rates seemed to decrease then increase towards the end of the study period. A retrospective assessment identified underascertainment of affected pregnancy terminations in the mid-1990s due to organisational changes in the reporting system in Hungary, and for this reason we excluded pregnancy terminations from Hungarian data in the tables 4 and 5 and figures 1 and 2.
We also saw no material change in trends after the issuing of local recommendations (table 5) . Findings were similar for anencephaly and spina bifida separately and combined. The number of cases that might have been prevented in the study area beginning in 1993 ranged from 1287 (assuming 30% effectiveness), through 2574 (for 60% effectiveness), to 3861 (for 90% effectiveness) (fig 2) . *Such as women with certain chronic illnesses (diabetes, seizures (on treatment)), using certain drugs, with a previous pregnancy affected by neural tube defect, and on very unbalanced diets. 
Discussion
In this study covering more than 13 million births, rates of neural tube defects showed no detectable change associated with recommendations to consume more folic acid. Either rates were unchanged or the decline was similar to that observed during the period before the recommendations. From these data, we estimate that thousands of pregnancies that would otherwise have been healthy were affected by neural tube defects in the study area alone since 1992 (fig 2) . These findings, which support and expand those from an earlier study conducted by Smithells and colleagues, 15 underscore the ongoing missed opportunities for prevention well after the publication of the confirmatory randomised clinical trials and the first public health recommendations.
Limitations and strengths
The study has some potential limitations. Firstly, case ascertainment may have varied by registry and thus probably contributed to the geographical variation in reported rates (table  1) . Incomplete ascertainment does not necessarily invalidate monitoring if it remains constant over time. Constant ascertainment is difficult to prove, and variations may have occurred, particularly among pregnancy terminations. In Hungary (fig 1) , the apparent rapid decrease in rates of total neural tube defects in the early 1990s followed by a slight increase in the late 1990s was largely driven by the variation in reported affected pregnancy terminations. An ongoing retrospective evaluation (Siffel and Metneki, unpublished data) suggests that such variation coincided with organisational changes, now reversed, that mainly led to decreased reporting of pregnancy terminations. A second limitation is that the use of ecological data may have led to real effects going undetected. Rates may have decreased locally, for example, in areas in the Netherlands and Ireland that conducted extensive educational campaigns, 16 17 but we may have been unable to observe them, because of the nature of the data and limited sample size.
A third limitation is the study's limited geographical scope. The focus on European areas was related partly to the funding source and partly to the availability of data from relatively large and established registries with information on pregnancy terminations. A more comprehensive view would be desirable and useful. However, the study findings in Europe, where birth defects are a major contributor to infant death, are likely to be relevant to a more global discussion on missed opportunities for prevention of neural tube defects.
Finally, we had incomplete information on the extent of implementation of recommendations. Such information is crucial if we are to understand why recommendations did not reduce the incidence of disease.
The study also had several strengths. We included areas with a range of reported rates and recommendations, from none at all (Italy) to early adoption of recommendations in association with educational campaigns (for example, Ireland). The registries used multiple sources of ascertainment, including pregnancy terminations. Finally, the findings were not confounded by fortification of flour.
Possible explanations and implications
Why did recommendations have no detectable effect on rates, despite the proved effectiveness of folic acid? The most likely possibility is that recommendations were not implemented to the point of inducing a sustained change in behaviour in a sufficiently large proportion of women to cause measurable effects. Folic acid use increased in the Netherlands and the United Kingdom in conjunction with government sponsored education campaigns, 17 18 but the long term persistence and effects are unknown. Otherwise, folic acid use in Europe is generally very low-approximately 10% in Norway in 1998, 19 20 and 6% in Italy in 2002 (Botto and Bianchi, unpublished data).
Whereas any improvement in primary prevention is desirable and should be promoted, a detectable change in the population requires a major shift in the proportion of women consuming adequate amounts of folic acid. It is unclear how successful recommendations alone will be in achieving this goal, given the influence of cultural, social, and economic factors such as the acceptability, availability, and cost of daily supplements. Intensive educational efforts and a very high proportion of planned pregnancies seem to have been crucial factors in the high effectiveness of a public health campaign to promote use of folic acid supplements in areas of China. 7 In general, use of supplements tends to follow economic and educational lines, [17] [18] [19] so targeting the entire population through recommendations on supplementation alone may not be practical.
In this context, fortification of flour represents an additional opportunity to deliver some folic acid to nearly the entire population, across social and economic barriers. Where dietary and food processing conditions are favourable, fortification can be effective quickly and at low cost. In countries that have fortified flour, blood folate concentrations have risen quickly, 14 21 22 and although the reductions in incidence were not as large as that achievable through supplementation, such reduction occurred soon after fortification was implemented. [12] [13] [14] This element of timeliness is crucial. As figure 2 shows, affected pregnancies accumulate for each year that effective prevention is delayed. In the study area, where the yearly births are less than 1% of the estimated 130 million births worldwide, the estimated number of preventable cases that have occurred since 1992 could be in the thousands. This point is mathematically simple but none the less, from a public health perspective, crucial. A reasonable and urgent strategy to reduce this growing and unceasing burden of preventable death and disability is to quickly integrate fortification with a fuller implementation of recommendations on folic acid. 
What is already known on this topic
Randomised trials showed, more than a decade ago, that folic acid can reduce the occurrence of neural tube defects by half or more Professional organisations and public health agencies in many countries have tried to promote use of folic acid, either by fortifying foods with folic acid or, more often, by recommending the use of supplements
Studies have shown that fortification of flour can be quickly effective, but the effect of recommendations has not been clearly documented
What this study adds
Recommendations on use of folic acid have had no detectable impact on incidence of neural tube defects, regardless of the recommendations' form, timing, and intended target
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